Aims/hypothesis The aim of this meta-analysis was to determine the relationship between HbA 1c levels and subsequent cardiovascular outcomes in individuals without diabetes. Methods We searched Medline, Embase and Scopus from initiation of the study until the end of 2009. One reviewer searched and another verified findings. Data were extracted by one reviewer and verified by another. We accepted prospective studies in any language reporting three or more quartiles for HbA 1c levels. Within quartiles, authors must have presented both numbers of patient-years at risk and cardiovascular outcomes. Outcomes per person-time at risk were regressed on average HbA 1c values using Poisson regression. We pooled β coefficients using Cochran's semiweighted (inverse variance) random-effects model. Study quality was assessed using the Downs-Black scale. Results We investigated 16 datasets (nine for total cardiovascular events and seven for death) from five papers with 44,158 patients (44% men) over 404,899 patient-years of follow-up. There were 1,366 cardiovascular deaths (3.1%; 3.37/1,000 person-years) and 2,142 cardiovascular events (4.9%; 5.29/1,000 person-years). The overall meta-analytic β coefficients were 0.720 (95% CI 0.307-1.133) and 0.757 (95% CI 0.382-1.132) for cardiac death and events, respectively. Compared with the baseline value of 0.0427, an HbA 1c level of 0.05 was associated with a relative risk for cardiovascular death of 1.13 (95% CI 1.05-1.21), a 0.06 value with 1.34 (95% CI 1.13-1.58), and a 0.07 HbA 1c with relative risk 1.58 (95% CI 1.22-2.06). Results for total cardiovascular events were similar. The average study quality was 0.7 (70%). Conclusions/interpretation We conclude that HbA 1c was significantly associated with cardiovascular events and deaths in persons without diabetes.
events (CVEs) [1] . The sequence of events is presumed to be as follows [2] . In healthy persons, plasma glucose concentrations normally fluctuate within a narrow range. Aberrations in glucose metabolism in normal individuals may occur; however, fluctuations in glucose level may lead to adverse consequences. The fluctuations suspected of having the greatest consequences are postprandial glucose elevations in the form of spikes or persistent high levels. It is further proposed that glucose may have a directly toxic effect on the vascular endothelium, mediated by oxidative stress, that is independent of other cardiovascular risk factors such as hyperlipidaemia [3] . The effect may also be exerted through its substantial contribution to total glycaemic exposure as reflected by HbA 1c . The oxidative stress causes microvascular damage, which eventually results in CVEs [4, 5] .
A meta-analysis of randomised controlled trials explored the relationship between glycaemic control with targeted interventions compared with conventional treatments, and CVEs [6] . Different risks and outcomes were noted in people with different types of the disease. In those having type 1 diabetes, the RR of a CVE among those with glycaemic control was 0.38 (95% CI 0.26-0.56) and mainly reflected decreased cardiac and peripheral vascular events. In contrast, the RR was 0.81 (95% CI 0.73-0.91) in individuals with type 2 diabetes, and mainly reflected decreased stroke and peripheral vascular events. More importantly, the effects were more pronounced in younger persons. It has also been found that pharmacotherapeutic lowering of HbA 1c levels produces a corresponding decrease in incident myocardial infarction as well as mortality [7] .
In 1999, a meta-analysis [8] demonstrated that there was a relationship between postprandial glucose levels in people without diabetes and in those who had diabetes found during screening and CVEs detected on follow-up. Since that time, researchers have published reports describing a similar relationship between HbA 1c and these events in persons without diabetes. To date, there have been no quantitative summaries that clearly establish that relationship. Therefore, we undertook this research to address that issue.
Methods
The model used in this research was a meta-analysis of published studies. Inclusion criteria were established a priori, defining the population of interest and acceptable studies.
Target population The target population for this research consisted of people from the general public (population) who were screened as part of a public health programme.
Participants in the screening programme must not have been diagnosed with diabetes at the time and must not have been selected for screening because of some pre-existing condition or disease (e.g. stroke, kidney failure, myocardial infarction, coronary artery disease or hypertension). All patients must have had a baseline blood HbA 1c level reported as part of their screening. Even if their HbA 1c level was suspicious of diabetes, they were allowed to remain in the study. Persons known to have had a diagnosis of diabetes were excluded, as were those taking hypoglycaemic drugs of any type. The exception to this was where individuals with diabetes were included in the study, but the data for those without a diagnosis of diabetes could be extracted and were adequate for analysis. Participants must have returned for at least one follow-up visit to allow for the determination of outcomes.
Study criteria Only prospective cohorts of screened patients were allowed. Retrospective studies, such as those using databases or chart reviews as data sources, were not permitted. For studies to be eligible, they must have reported HbA 1c levels in at least three quartiles. Within quartiles, they must have presented both numbers of patient-years at risk and cardiovascular outcomes. The outcomes included were acute myocardial infarction, fatal or non-fatal stroke, and cardiovascular death.
Search strategy The databases searched included Medline, Embase and Scopus, from inception to the end of 2009. Search terms included: 'hemoglobin/haemoglobin A 1c or HbA 1c ' AND 'cardiovascular diseases', as well as specific terms 'stroke', 'myocardial infarction', 'death', 'cardiac death' or 'mortality'. To confine the search to one study type, we added 'cohort or cohort study', 'prospective study', or 'follow-up'. The references from retrieved articles as well as from reviews identified in the search were manually inspected to identify further articles. One reviewer performed the search while a second verified all of the processes.
Data extraction From each study, we obtained the following information: year in which patients were screened, number screened, range of ages or average age, percentages of men/women, reasons to exclude potential participants, time between screening and follow-up examination, number of glucose quartiles and values for those quartiles, as well as numbers of CVEs and numbers of person-years at risk in each quartile. As with the study identification, one reviewer extracted the data and another verified each data point.
Data analysis Poisson regression models were used to assess the relationship between HbA 1c levels and the RR of a cardiovascular event. The explanatory variable was the HbA 1c value for the cohort, which we assumed represented a continuous distribution. When available, we used the reported mean value of each quartile, or the interval midpoint when those values were not reported. When only terminal values were presented, such as <0.045 or ≥0.065, we used those values, following the method of Coutinho et al. [8] . The dependent variable was a CVE, as previously defined. An RR equation was calculated for each CVE in each study using SAS software (SAS Institute, Cary, NC, USA), modelling the data with 'proc genmod (distribution=Poisson)'. The haemoglobin cohort was standardised by [x*=(x−0.0427)] such that the RR would be equal to 1 at an HbA 1c of 0.0427 (i.e. equivalent to the glucose value of 0.0427 used in the original metaanalysis [8] ). An option was employed within SAS to adjust for overdispersion in order to obtain robust standard errors.
We then pooled β values across studies using Cochran's semi-weighted random-effects model [9] . To examine combinability of outcomes and other statistical issues surrounding meta-analysis, we conducted exploratory analyses such as I 2 and χ 2 to detect heterogeneity of effects [10] , funnel plots [11] and regression of outcomes on sample size to detect publication bias [11] .
Quality assessment The quality of each accepted study was assessed independently by two independent reviewers using the Downs-Black scale validated for observational studies [12] . The instrument consists of 27 questions (addressing study quality of reporting, external and internal validities, bias, confounding and power), with a total possible score of 32. Scores were expressed as rates, with higher scores being better than lower scores and 1.00 being the maximum possible. Scores below 0.5 were considered 'weak', those between 0.50 and 0.69 were 'fair', from 0.70 to 0.79 were 'good', and those scoring between 0.81 and 1.00 were considered 'very good'.
Results
The literature search initially identified 998 articles, which were reduced to 33 after reading titles and abstracts. After reading the full text, there were 26 potentially acceptable studies that were rejected at the final stage: 14 did not have appropriate data [1, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] ; four did not involve outcomes of interest [26] [27] [28] [29] ; three studied non-relevant populations [30] [31] [32] ; three were duplicates [33] [34] [35] ; and two were editorials/review papers [36, 37] . That left seven papers for analysis [38] [39] [40] [41] [42] [43] [44] . Figure 1 depicts the results of the literature search and disposition of the identified articles. Table 1 summarises the characteristics of the studies that were analysed. A total of 78,015 people were screened, with 44,158 individuals (56.6%) followed over time for CVEs. Age at screening ranged from 18 to 93 years and 44% of the studied sample were men. The average length of follow-up was 9.2 years, totalling 404,899 patient-years of follow-up. The quality of the studies was 0.73, which was considered good.
The results for each study appear in Table 2 and Fig. 2 . Five articles reported cardiovascular deaths as a primary outcome [39] [40] [41] [42] 44] in seven sets of outcome data, and two studies [42, 44] examined men and women separately. There were 1,366 cardiovascular deaths (3.1% of all persons assessed), or 3.37/1,000 person-years of followup. The β coefficients ranged in value from 0.172 to 1.157 and all but one were statistically significant. The overall meta-analytic β coefficient was 0.720 (95% CI 0.307-1.133). Two other studies [38, 43] also reported total cardiovascular events. There were 2,142 events (4.9% of all persons assessed), or 5.29/1,000 person-years. The β coefficients ranged from 0.172 to 2.484; again, all but one was significant. The overall meta-analytic β coefficient was 0.757 (95% CI 0.382-1.132). The funnel plots and regressions did not detect publication bias, as values were scattered equally around the metaanalytic average. Both χ 2 and I 2 did detect heterogeneity of effects (p<0.001); however, a search for moderator variables could not identify any systematic deviations indicative of bias. Eliminating each study in turn resulted in very minor changes in outcomes, which remained significant and Table 2 Results from individual studies included in the meta-analysis of the same magnitude. Elimination of studies contributing most to the heterogeneity produced a homogeneous set of four studies for each outcome, with slightly higher estimates of the RR for both of those outcomes. The heterogeneity could have arisen in part from differences in study protocols or in the measurement of HbA 1c across the studies. On the other hand, as we had a priori selected a random-effects model, which tends to mitigate heterogeneity to some degree, we chose to retain all of the studies in the final model to provide a larger and broader sample.
Discussion
Cardiovascular disease (CVD) represents one of the main health problems currently facing the medical community and, consequently, healthcare systems. The number of new cases continues to rise globally, despite the investment by the pharmaceutical industry into the development of medications for treatment of CVD. Indeed, the great challenge lies with the early identification of patients at risk for CVD, concentrating on primary prevention and early treatment. CVEs related to increased levels of HbA 1c and glucose have already been thoroughly studied in people with diabetes, in studies such as the DCCT [45] , UK Prospective Diabetes Study (UKPDS) [46] , National Health and Nutrition Examination Survey (NHANES) [47] and Diabetes Epidemiology: Collaborative Analysis of Diagnostic Criteria in Europe (DECODE) [48] . However, despite the increasing number of studies of glycaemic control and CVEs, few have examined that relationship in persons without diabetes [1] [2] [3] [4] [5] [6] [7] [8] . Consequently, there has not been unequivocal evidence of such a correlation.
As cardiovascular events develop over a long period of time, it was necessary to have an adequate follow-up and sample size to appropriately study these events. Among the accepted studies for the present meta-analysis, there were data from 44,158 persons and the duration of follow-up varied from 1 year [40] to 48 years [44] , with a total of 404,899 person-years. This amount of exposure appears to be adequate to study that relationship.
It was also necessary to have data from at least three quartiles of HbA 1c levels in order to evaluate those events. A certain amount of precision is lost when using categories to represent groups of patients, but the large sample size offsets some of the problems. This form of regression allowed us to examine the relationship between CVEs and HbA 1c in persons without diabetes over a wide range of exposure. We found that there was a progressive increase in risk with even minimally elevated HbA 1c levels. That finding suggests that perhaps routine screening should begin at an early age to identify and manage emerging problems.
The combined results of the studies included in the present meta-analysis correlate HbA 1c levels in people without diabetes with events and deaths associated with CVD. In Fig. 3 , there can be seen a progressive rise in CVEs, which reflects a relationship with baseline levels of HbA 1c in persons without diabetes. The RR for CVEs and the resulting mortality were significant in almost all studies, varying according to their baseline levels (Table 2) . Overall, an approximately twofold (pooled average) risk of CVE and mortality was found in people not diagnosed with diabetes on the basis of their HbA 1c value.
After our search had been completed, an important and relevant paper was published [49] . This publication reported on the Atherosclerosis Risk in Communities (ARIC) study in the USA that examined 11,092 persons Fig. 3 The RR of incident cardiovascular death in relation to baseline HbA 1c level. Dotted line, upper limit of the 95% CI; solid line, average increase in the RR of CVEs; long dashed line, lower limit of the 95% CI Corpus [39] de Vegt [40] Gao [41] Khaw [42] (men)
Khaw [42] (women)
Singer [44] (men)
Singer [ over 15 years. The results were quite similar to ours in that the risk for coronary heart disease and stroke increased with higher HbA 1c levels. As compared with the reference category (HbA 1c 0.050-0.055), the RR for each outcome was about 1.2 for those with values between 0.055-0.060; for those with HbA 1c ≥0.065, the RR for coronary heart disease ranged from 1.95 to 2.91, depending on the model used, and for ischaemic stroke, the RR was between 2.19 and 2.63. The paper did not report cardiovascular deaths, but only overall mortality. Therefore, the results cannot be compared with those of the present study.
The present meta-analysis has some limitations. First, the small number of accepted studies limits the extension of our results. As previously mentioned, this potential risk population has yet to be properly studied and, in the light of new studies to be conducted, the results presented here can be confirmed or revised accordingly. However, results were similar across individual studies (i.e. all but one showed significant findings) and, therefore, a trend towards an association between HbA 1c and CVEs in persons without diabetes was seen regardless of the overall metaanalysis results. In addition, the individuals represented a sampling from various countries over three continents (North America, Europe and Oceania). The sample size as well as the varied population makes it possible to extrapolate data to other populations yet to be analysed, which tends to strengthen the epidemiological profile of this meta-analysis.
Second, patients with confirmed and self-reported diagnoses of diabetes were not permitted in the metaanalysis. However, HbA 1c levels compatible with the current diagnostic threshold for diabetes (i.e. HbA 1c >0.065) were present in five of the included studies. Thus, it is likely that there could have some patients with undiagnosed cases of diabetes and when including those patient results in the meta-analysis, an inflated risk might have been generated. The extent of such effect is unknown. Finally, the pooled data were derived from a mix of adjusted and unadjusted study results with different covariates selected for adjustments. The presence or lack of adjustments for covariates might have contributed (among other things) to the heterogeneity of effects observed in Fig. 2 , but when a homogeneous set of outcomes was used, very similar results were obtained. In addition, the majority of included studies provided sufficient statistical adjustments to major CVD risk factors and thus, the isolated effect of HbA 1c could be determined. Again, since the observed effects were generally similar in both direction and value across individual study results, we believe this limitation does not significantly affect the findings of the meta-analysis. Therefore, our findings reinforce the necessity of clarifying the point to which HbA 1c levels are related to the appearance of CVD. This is exceedingly important for public health policy, as CVD prevention can have a great impact on future disease burden (morbidity and/or mortality). Future research should further investigate and possibly define lower thresholds for HbA 1c values as an incremental factor in potential CVD risk.
Conclusions
Our study suggests that HbA 1c , even in people who do not have diabetes, may be an indicator of metabolic alterations that could develop into CVEs, including disease-specific mortality. More studies are needed to further investigate HbA 1c as a marker for CVD and validate our findings. However, it is important to highlight that normal and, more importantly, increased HbA 1c levels can signal the need for prevention, intervention and follow-up in order to reduce future CVD burden.
